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Abstract 

In this study, a new chromosome number for Iranian yarrow (Achillea millefolium L.) accessions was re- 
ported. Cytological analyses on four A. millefolium accessions, indicated that two accessions were diploids 
(2n=2x=18) and two tetraploids (2n=4x=36). Cluster analysis based on chromosomal characteristics and 
karyotype asymmetry, categorized the four accessions separated into two groups. In terms of the Steb- 
bins' system, the karyotype of diploid accessions grouped in 2A class. The average value of the total form 
percentage (TF%) in the group one (diploid accessions) and two (tetraploid accessions) were 40.85 and 
41.15, respectively. The group one had the highest mean value for the symmetry index (S%=57.5). Con- 
sequently, it can be inferred that diploids belonging to the group one are the earlier evolutionary forms. 
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Introduction 

Achillea is one of the most recent genera of the Asteraceae family which exists through- 
out the world (Rechinger 1963). More than 100 species have been identified in this 
genus. Many of those who used these plants reported properties such as anti-inflamma- 
tory, anti-rheumatic, antiseptic, antispasmodic, analgesic, astringent, carminative, dia- 
phoretic, digestive, expectorant, hypotensive, stomachic and etc. (Balbir et al. 2012). 
These plants are native to Europe and Western Asia but are also found in Australia, 
New Zealand, and North America (Rechinger 1963). 

Achillea millefolium has a high genetic and phenotypic variation in Iran (Farajpour 
et al. 2012, Ebrahimi et al. 2012). The basic chromosome number is often reported 
in different species of Achillea is x = 9; however, the diversity in chromosome num- 
bers and ploidy levels are frequently occurring in the genus (Ebrahim et al. 2012). 
Polyploid taxa have originated in many clades including Ax, 6x and 8x species, and 
as a result, several Achillea species show high morphological variability (Sheidai et al. 
2009). Biste (1987) explained worthy diversity in leaf width, height, shoot number, 
and stomata length in different populations of the same species. 

In most of the chemotypes in Achillea sp, camphor, borneol (Rohloff et al. 2000 
and Mockute and Judzentiene 2003) and 1.8-Cineole (Saeidnia et al. 2004; Bargham- 
adi et al. 2009 and Azizi et al. 20 1 0) have been detected. Among a number of data that 
can be obtained by chromosome studies: karyotype structure, karyotype asymmetry, 
chromosome banding, FISH, GISH and chromosome painting (Stace 2000, Levin 
2002, Graphodatsky et al. 2011, Guerra 2012), the most popular, cheap and widely 
used approaches is that concerning karyotype asymmetry (Peruzzi and Eroglu 2013). 

Achillea millefolium has been cytologically analyzed extensively in different regions 
of the world (Felfoldy 1947, Mizianty and Frey 1973, Pireh and Tyrl 1980, Lavrenko 
et al. 1991, Guo et al. 2012, Bala and Gupta 2013). Three cytological studies have 
been reported in Iran and showed the following ploidy levels: tetraploid 2n = 4x = 36, 
hexaploid 2n = 6x = 54 and octoploid 2n = 8x = 72 (Farsi et al. 2000, Ebrahim et al. 
2012, Sheidai et al. 2009). The aims of this study were (1) to determine the chromo- 
some numbers of four A. millefolium accessions and (2) to find any relationship be- 
tween the karyotype characteristics and asymmetrical index with ploidy levels. 



Material and methods 

The aerial parts of the four Achillea millefolium accessions were collected from three 
provinces in north, west and south of Iran (Table 1). Voucher samples were deposited 
at the herbarium of Research Institute of Forests and Rangeland (RIFR) of Tehran, 
Iran. Seeds were germinated on moist filter paper in Petri dishes. Actively growing 
root tips, 1 to 2 cm length were cut from the germinating seeds and pretreated with 
8-hydroxyquinoline (0.002M) for 2 to 4 hours and fixed in Farmer (1:3, glacial acetic 
acid : ethanol 95%) for 24 hours at 4° C. Thereafter, the root tips were hydrolyzed in 
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Table I. Accessions of Achillea millefolium studied. 



Accessions no. 


Location 


Latitude 


Longitude 


Elevation (m.a.s.l.) 


Ami 


Iran, Ardabil, Ardabil 


38°15'N 


48°17'E 


1332 


Am2 


Iran, Ardabil, Meshkin-Shahr 


37°58'N 


48°58'E 


1723 


Antf* 


Iran, Ham, Ham 


34°27'N 


46°25'E 


1387 


Am4 


Iran, Fars, Estahban 


53°04'N 


29°12'E 


1767 



some of the characteristics of this accession were reported byFarajpour et al. (2012) in table 1 (Am30) 



1 N NaOH at 60° C for 5-10 minutes, stained for 45 minutes in esterase stain at 30° 
C, and squashed in 45% glacial acetic acid. Finally, the chromosome images were ob- 
tained with photomicroscope. 

Karyotypec characteristics such as differences of range relative length (DRL), mean 
chromosome length (MCL), and mean arm ratio (MAR) were calculated using MI- 
CROMEASURE (Version 3.3) Software (Reeves 2001). Stebbin's classification was 
calculated (Stebbins 1971). Cluster analysis was performed to differentiate the acces- 
sions according to the Ward's method SPSS software for Windows 20.0 (SPSS Inc., 
Chicago, IL, USA). 



Results and discussion 

Karyological data 

Ami and Am2 accessions were diploids (2n = 2x = 18) whereas the two other acces- 
sions (Am3 and Am4) showed tetraploid (2n = 4x = 36) level (Figure 1). According to 
previous studies, Farsi et al. (2009) and Khaniki (1995), reported 2n = Ax = 36 chro- 
mosomes, while Sheidai et al. (2009) and Ebrahim et al. (2012) reported hexaploid 
and octoploid cytotypes. In our findings, we have observed a new ploidy level (2n = 2x 
= 18) for two Iranian accessions of A. millefolium (Am3, Am4) that were collected in 
northern parts of Iran. 

Karyotypic analysis indicated asymmetrical pattern in the four accessions of A. 
millefolium (Table 2). Mitotic metaphases and karyograms of the four accessions are 
shown in Figure 1. The highest TCL value was found in Am3 (60.9 p:m) and the low- 
est was found in Am2 (24.5 p:m) (Table 3). The lowest and the highest DRL values 
were found in Am3 and Am2 accessions, respectively (Table 3). High DRL value leads 
to more changes in the construction of chromosomes. DRL values in the two diploid 
accessions were higher than the tetraploid ones; it can be a relationship between ploidy 
level and DRL value. The tetraploid accessions had the most symmetric karyotypes. 

Other parameters that indicate karyotype asymmetry are total form percentage (TF %; 
Huziwara 1962) and symmetrical index (S% or S/L%; Battaglia 1955) (Table 2). Group 
one (Ami and Am2) had the highest mean value for the symmetrical index (S%=57.5) 
than the group two (S%= 50) (Table 2). It can be inferred that the group one, as diploids, 
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Figure I . A— B Mitotic metaphases (A) and karyograms (B) of iomAchillea millefolium accessions (Ami- 
Am^. Bars = 5um. 

Table 2. Karyotype features of four Achillea millefolium accessions. 



Accession 


2n 


Ploidy level 


TF% 


S% 


Karyotype formulae 


Ami 


18 


2x 


40.9 


64 


lM+8m 


Am2 


18 


2x 


40.8 


51 


lM+6m+2sm 


Am3 


36 


Ax 


40.5 


63 


16M+2sm 


Am4 


36 


Ax 


41.8 


37 


17M+lsm 


Mean ofgroupl 






40.85 


57.5 




Mean ofgroup2 






41.15 


50 





t TF%=total form percentage (sum of short arm lengths of individual/ total haploid length of the comple- 
ment chromosomes), S% -symmetry index (shorter chromosome length / longer chromosome length), 
karyotype formula (m, median region; sm, submedian region; M, median point). 

Table 3. Total chromosome length (TCL), mean chromosome length (MCL), mean arm ratio (MAR), 
difference of range relative length (DRL), chromosome length range (CLR), Symmetry Classes of Steb- 
bins (SC) of four Achillea millefolium accessions. 



Accession 


TCL( um) 


MCL (um) (±SD) 


MAR(um) 


DRL (um) 


CLR (um) 


SC 


Ami 


26.4 


2.93(+0.13) 


0.71 


4.92 


2.4-3.7 


2A 


Am2 


24.5 


2.72(+0.17) 


0.69 


6.9 


1.8-3.5 


2A 


Am3 


60.8 


3.37(±0.09) 


0.68 


2.2 


2.6-4.1 


1A 


Am4 


41 


2.27(+0.11) 


0.73 


4.49 


1.1-2.9 


IB 



are the earlier evolutionary form. The average value of the total form percentage (TF%) 
in the group one and two were 40.85 and 41.15, respectively. The TF% index has fre- 
quently been used to explain karyotype asymmetry (Mercado-Ruaro and Delgado-Salinas 
1998, Ruas et al. 2000). In terms of the Stebbins' system, the karyotype of Ami and Am2 
grouped in 2A class, and it can be ancient evolutionary origin of A millefolium species. 



Cluster Analysis 



Cluster analysis was done based on karyotypic characteristics (TCL, MCL, MAR and 
DRL) and karyotype asymmetry (TF% and S%) (Figure 2) and agrees with Ebrahim 
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Figure 2. Dendrogram of four Achillea millefolium accessions based on the karyotype characteristics 
and asymmetry. 

et al. (2012). The results of cluster analyses divided the four accessions in two groups 
(Figure 2); based on ploidy levels. The first group included diploid accessions (Ami 
and Am2), while the second group comprised tetraploid accessions (Am3 and Am4). 
In the dendrogram, distance between diploid accessions is lower than tetraploid ac- 
cessions that confirm the result of Stebbins' system that both of diploid accessions 
grouped in 2A class. 



Conclusion 

The results of the present study illustrated a new ploidy level (2n = 2x = 18) in Iranian 
Achillea millefolium accessions. Cluster analysis indicated that accessions can be classi- 
fied based on ploidy levels. 



References 

Azizi M, Chizzola R, Gharri A, Oroojalian F (2010) Composition at different development 
stages of the essential oil of four Achillea species grown in Iran. Natural product commu- 
nications 5(2): 283-290. 

Bala S, Gupta RS (2013) Male meiosis and chromosome number in Asteraceae family from 
district Kangra of H. P. International Journal Botanical Research 3(1): 43-58. 

Balbir S, Kaur P, Kumari N, Kumar R (2012) Review on Achillea millefolium, important me- 
dicinal plant. International Journal of Natural Product Science Spl. Issue 1: 176. 

Barghamadi A, Mehrdad M, Sefidkon F, Yamini Y, Khajeh M (2009) Comparison of the 
volatiles of Achillea millefolium L. obtained by supercritical carbon dioxide extraction 
and hydrodistillation methods. Journal of Essential Oil Research 21: 259—263. doi: 
10.1080/10412905.2009.9700164 

Battaglia E (1955) Chromosome morphology and terminology. Caryologia 8: 179-187. 



276 Fatemeh Afshari et al. I Comparative Cytogenetics 7(4): 271- -277 (2013) 



Biste C (1987) Cytotaxonomische Untersuchungen des Formenkreises Achillea millefolium 
(Asteraceae in der DDR. Feddes Repertorium 88: 533-6 1 3. doi: 1 0. 1 002/fedr. 19780880902 

Ebrahim F, Pakniyat H, Arzani A, Rahimmalek M (2012) Karyotype analysis and new chro- 
mosome number reports in Achillea species. Biologia 67(2): 284-288. doi: 10.2478/ 
si 1756-012-001 1-3 

Ebrahimi M, Farajpour M, Beigmohammadi M, Ebrahimi M (2012) Genetic relationships 
among yarrow based on random amplified polymorphic DNA markers. Journal of Bio- 
technology and Pharmaceutical Research 3(4): 69-73. doi: 10.10l6/j.bse.2012.02.017 

Farajpour M, Ebrahimi M, Amiri R, Golzari S, Sanjari S (20 12) Assessment of genetic diversity 
in Achillea millefolium accessions from Iran using ISSR marker. Biochemical Systematic 
and Ecology 37: 73-79. 

Farsi M, Alhoseini-Goreishi J, Jafari E (2000) Cytological studies of some Iranian Achillea species. 
Journal Agricultural Knowledge 11:1 8—37. [in Persian] 

Felfoldy LJM (1947) Chromosome numbers of certain Hungarian plants. Acta Biologica 
Hungarica 17: 101-103. 

Graphodatsky AS, Trifonov VA, Stanyon R (201 1) The genome diversity and karyotype evolu- 
tion of mammals. Molecular Cytogenetics 4: 22. doi: 10. 1 186/1755-8166-4-22 

Guerra M (2012) Cytotaxonomy: the end of childhood. Plant Biosystems 146: 703-710. 

Guo YP, Wang SZ, Vogl C, Ehrendorfer F (2012) Nuclear and plastid haplotypes sugges 
rapid diploid and polyploidy speciation in the N Hemisphere Achillea millefolium complex 
(Asteraceae). BMC Evolutionary Biology 12: 1-18. doi: 10.1186/1471-2148-12-2 

Huziwara Y (1962) Karyotype analysis in some genera of Compositae. VIII. Further studies on 
the chromosome of Aster. American Journal ofBotany 49: 1 16-1 19. doi: 10.2307/2439026 

Khaniki GB (1995) Chromosome number and morphometry in Achillea (Anthemideae, 
compositae). Nucleus 38: 104-111. 

Lavrenko AN, Serditov NP, Ulle LG (1991) Chromosome numbers in some of vascular plants 
from the Pechoro-llychsky Reservation. Botanicheskii Zhurnal 76: 473-476 (in Russian). 

Levin DA (2002) The role of chromosome change in plant evolution. New York: Oxford Uni- 
versity Press. 

Mercado-Ruaro P, Delgado-Salinas A (1998) Karyotypic studies on species of Phaseolus (Fa- 
baceae: Phaseolinae). American Journal of Botany 85: 1-9. doi: 10.2307/2446547 

Mizianty M, Frey L (1973) Chromosome numbers of some vascular plants in the Western 
Bieszczady Mts. (South- eastern Poland). Polish Botanical Journal 28: 363-369. 

Mockute D, Judzentiene A (2003) Variability of the essential oils composition of Achillea mille- 
folium ssp. millefolium growing wild in Lithuania. Biochemical Systematics and Ecology 
31: 1033-1045. doi: 10. 1016/S0305-1978(03)00066-8 

Peruzzi L, Eroglu HE (2013) Karyotype asymmetry: again, how to measure and what to meas- 
ure? Comparative Cytogenetics 7(1): 1-9. doi: 10.3897/compcytogen.v7il.4431 

Pireh W, Tyrl RJ (1980) Cytogeography of Achillea millefolium in Oklahoma and adjacent States. 
Rhodora 80: 361-367. 

Rechinger KH (1963) Flora Iranica. No. 158. Akademische Druke-U. Verlagsanstalt, Wien, 
Austria, 49-71. 



Cytological investigations and new chromosome number reports in yarrow.. 



277 



Reeves A (2001) Micromeasure: a new computer program for the collection and analysis of 
cytogenetic data. Genome 44: 439-443. doi: 10.1 139/g01-037 

RohlofTJ, Skagen EB, Steen AH, Iversen TH (2000) Production of yarrow {Achillea millefolium 
L) in Norway: essential oil content and quality. Journal of Agricultural and Food Chemistry 
48: 6205-6209. doi: 10.1021/jf000720p 

Ruas PM, Ruas CF, Maffei EMD, Marin-Morales MA (2000) Chromosome studies in the 
genus Mikania (Asteraceae). Genetics and Molecular Biology 23: 79-98. doi: 10.1590/ 
S1415-47572000000400042 

Saeidnia S, Yassa N, Rezaeipoor R (2004) Comparative investigation of the essential oils of Achil- 
lea talagonica Boiss and A. millefolium, chemical composition and immunological studies. 
Journal of Essential Oil Research 16: 262-265. doi: 10.1080/10412905.2004.9698716 

Sheidai M, Azanei N, Attar F (2009) New chromosome number and unreduced pollen forma- 
tion in Achillea species (Asteraceae). Acta Biologica Szegediensis 53: 39-43. 

Stace CA (2000) Cytology and cytogenetics as a fundamental taxonomic resource for the 20th 
and 21st centuries. Taxon 49: 451-477. doi: 10.2307/1224344 

Stebbins G L (1971) Chromosomal evolution in higher plants. London, UK: Edward Arnold 
(Publishers) Ltd. 

Ziaei-Nasab M, Hesamzadeh-Hejazi SM, Bihamta MR, Mirza M, Naderi-Shahab MA (2012) 
Assessment of karyotypical variation among 16 populations of Thymus daenensis Celak 
and Thymus Kotschyanus Boiss. Species in Iran. African Journal of Biotechnology 11(5): 
1028-1036. 



